Background Quality of life (QoL) measures are important in growth hormone (GH) deficiency (GHD) in adults. Ideally, for use in health economics, QoL should be expressed in utilities. The aim of this study was to obtain reference values and utilities for QoL of GHD in adults in Belgium and the Netherlands. Methods The study was conducted in three stages: (1) The Quality of Life-Assessment for Growth Hormone Deficiency in Adults (QoL-AGHDA) and the EQ-5D were administered in a representative sample of 6,875 individuals from the Belgian and 1,400 individuals from the general Dutch population. The EQ-5D index can be used to estimate utilities. Using a regression, utilities were predicted from the QoL-AGHDA. (2) QoL-AGHDA scores were obtained from 299 Belgian and 234 Dutch adult patients with GHD and no GH replacement. These scores were converted to utilities and compared the burden of disease with other patient groups. (3) To test the criterion validity, the 'standard' EQ-5D index was used in a subsample of 64 Dutch GHD patients and compared with the predicted utilities. Results We obtained data from 1,026 Belgian (response rate = 15%) and 1,038 Dutch respondents (response rate = 74%). The Belgian mean QoL-AGHDA value was 6.95 (90% range = 14.00), and the Dutch mean was 5.48 (range = 13.00). The R 2 of the regression model to predict the EQ-5D index was 0.360 (Belgium) and 0.482 (the Netherlands). We demonstrated a considerable burden of disease in GHD patients, comparable to patients with hypertension or with type II diabetes. The criterion validity was 0.407 (intraclass correlation, ICC). Conclusions Interventions in GHD can now be evaluated more validly in Belgium and the Netherlands.
patients and may facilitate health economic evaluations. Ideally, for use in health economics QoL should be expressed in 'utilities', but utilities can often not be produced by applying conventional clinical QoL measures. The Quality of Life-Assessment for Growth Hormone Deficiency in Adults (QoL-AGHDA) is one of the most used conventional clinical QoL measures in adult growth hormone deficiency (GHD). The aim of this study was to obtain general population values for the QoL-AGHDA, to develop a model to obtain utility values from the QoL-AGHDA and to further explore the burden of disease of GHD in adults in Belgium and the Netherlands.
Adults with longstanding, untreated GHD have multiple somatic impairments, including altered blood biochemistry, metabolism, body composition, and muscular and aerobic performance. They experience functional limitations, diminished productivity, social isolation, excessive fatigue and poorer QoL [1] . Given the impact of GHD on QoL, the assessment of QoL is crucial in the appraisal of the medical need and the effects of interventions. The aim of this study was to enhance the assessment of QoL in GHD in three ways: (1) First, we collected Belgian and Dutch reference values for the QoL-AGHDA based on samples from both the general population and patient samples. The QoL-AGHDA is not legitimate for health economic evaluation; therefore, it is necessary to make relevant adaptations. To support health policy evaluations of intervention in GHD, we made the QoL-AGHDA suitable for health economic evaluations in the Netherlands and Belgium. (2) Second, we compared the burden of disease of patients with GHD with other patient groups. (3) We tested the validity of the QoL-AGHDA outcomes for use in economic evaluations. Because the health economic aspects of this study are less known than the collection of reference values in patients and the general population, we have describe these aspects in more detail below.
Adapting the QoL-AGHDA for QALY analysis
Health economic evaluations are becoming increasingly important in health policy-making in the Netherlands and Belgium [2] [3] [4] . For a valid health economic evaluation of GH substitution, convincing estimates of QoL are crucial but undeveloped [5, 6] . In health economics QoL outcomes are preferably measured in quality-adjusted life years (QALYs). QALYs are estimated by multiplying the number of life years with a quality of life value of 'utility' that has the value 1.00 for 'perfect health' and 0.00 for 'a health state comparable to the value of death'. For instance, if the utility for sitting in a wheelchair has a value of 0.6, than 2 life years in a wheelchair stands for 1.2 QALY. QALYs are particular useful to provide a common metric of burden of disease across the entire spectrum of diseases. For instance, with QALYs it becomes possible to compare the additional effects of a wheelchair on QoL with a life-saving operation. The most complex aspect of QALYs is the estimation of the utility. Fortunately, there are special QoL questionnaires like the EQ-5D that can provide this utility on a routine basis [7] . Most questionnaires like the EQ-5D are generic questionnaires; they can be used in a wide variety of diseases. A drawback of this generic feature is that these one-size-fits-all questionnaires might miss disease-specific symptoms that are relevant for QoL of these patients. A recent development is to validate disease-specific questionnaires in such a way that these questionnaires can also provide a utility that can be used in QALY analyses [8] . Such validations can be useful when the generic QoL questionnaires are found to be insufficiently sensitive to pick up relevant changes in QoL or when generic instruments have not been included in an investigation. Both motivations apply in GHD research [6] . For this reason, researchers in the UK and Sweden have linked the QoL-AGHDA and the EQ-5D in a way that QoL-AGHDA data collected in GHD patients can be used in QALY-type calculations [9, 10] . To achieve this, in both the UK and Sweden, investigators used a regression of the EQ-5D index on the QoL-AGHDA scores in samples of the general population. After such regression in the general population, the investigators could estimate the EQ-5D indexes from patient QoL-AGHDA scores. This method assumes that the relationship between the QoL-AGHDA and the EQ-5D in the general population is a valid predictor of the same relationship in patients. This crucial assumption can be tested if the EQ-5D and the QoL-AGHDA are both administered in a subsample of patients. Testing this assumption forms part of this paper.
Comparing the burden of GHD with other diseases
Because the scores on the QoL-AGHDA only relate to disease-specific factors, it is difficult to relate the QoL-AGHDA scores to burden of disease in other patient groups. When the burden of GHD is measured using the EQ-5D or when the score of the QoL-AGHDA is transformed into an EQ-5D index , such comparison becomes possible. The possibility of describing the burden of GHD relative to other diseases is important, as 'burden' is recognised as an important factor in reimbursement decisions [11] . In the Netherlands, for example, this recognition has recently resulted in a formal recommendation to incorporate burden of disease in reimbursement decisions [12] . In this article we estimated the burden of GHD in generic terms and compared it with burden in other diseases.
Materials and methods

Questionnaires
QoL-AGHDA
One of the most frequently used QoL assessment instruments in adult GHD is the QoL-AGHDA. The QoL-AGHDA is a disease-specific instrument based on the concept that ''QoL is the degree to which human needs are satisfied'' [13] . The QoL-AGHDA was developed following in-depth interviews in adult patients with GHD and consists of 25 items with yes/no answers, acknowledging or denying GHD-related problems [14] . Examples of questionings are: ''I feel a strong need to sleep during the day'' and ''I often feel lonely even when I am with other people''. All items are listed in Table 2 . The most used scoring mode is an overall sum score, without any references to a possible dimensional structure. In line with that approach, Rasch models are often employed, and much attention is given to the unidimensionality of the sum score, which represents the 'need'-driven perspective on QoL [15] . A high QoL-AGHDA score denotes that 'less needs are satisfied', and thus a lower QoL, with a score of 25 as maximum. The high number of items, all loading on an unidimensional score, contributes to a high reliability (test-retest, Spearman rank C 0.86) and a high level of internal consistency (Cronbach's a C 0.88) [14] . Mean values in the normal population range between 4 an 7 in various international studies [16] . A score of 11 or more on the QoL-AGHDA is one of the UK National Institute for Health and Clinical Excellence's (NICE) requirements for GH replacement therapy [17] . The total sum score decreases when patient receive GH replacement therapy and approaches the mean value of the normal population [16] .
The QoL-AGHDA is a typical disease-specific instrument, as it only targets one group of patients. This is one of the features that distinguish it from generic instruments like the EQ-5D. Because the QoL-AGHDA is tailored for GHD-related QoL, one can safely assume that its sensitivity is higher than a generic instrument. A downside of the specificity is that scores of the QoL-AGHDA are difficult to compare with scores form other QoL instruments. Moreover, unlike the EuroQol, the QoL-AGHDA does not provide a utility score necessary for health economic analysis. If one can transform QoL-AGHDA scores into EuroQol scores, then outcomes of the QoL-AGHDA would be comparable with other (generic) QoL instruments, and utility for the use in health economic analyses would be available. In the present research effort, we want to establish just that.
EQ-5D
The EuroQol EQ-5D is a five-item generic QoL questionnaire specially designed for health economic evaluations that involves QoL estimates. The five items cover the five dimensions of QoL: mobility, self care, usual activities, pain/discomfort and anxiety/depression. The answers on the five items are summarized into an index on which 1.00 represents 'full health' and 0.00 the value of 'being dead' [7] . The transformation of the five items into an index was done based on formal national standards. In Belgium this standard is based on a 'visual analogue scale' valuation study, whereas the Dutch standard is based on a 'time trade-off' [18, 19] .
Patient samples
The study involves three separate samples:
(1) The first cohort was elicited from the general population of Belgium and the Netherlands. These subjects filled in both the QoL-AGHDA and EQ-5D. The QoL-AGHDA data from these two samples were used for deriving national population reference values. The regression of the EQ-5D on the QoL-AGHDA was used to transform QoL-AGHDA scores into utilities that could be used in health economic analyses. (2) The second cohort comprised Belgian and Dutch patients with GHD who contributed QoL data to KIMS (Pfizer International Metabolic Database) [20] . These patients filled in only the QoL-AGHDA prior to growth hormone treatment, providing scores for the Belgian and Dutch patient populations. (3) The last cohort was a subsample of 64 Dutch patients with GHD who filled in both the QoL-AGHDA and EQ-5D. This sample was used to test the criterion validity of the regression analysis of the EQ-5D index score on the QoL-AGHDA made in the Dutch general population.
Population reference QoL-AGHDA and QALY values
Members of the Belgian population were sampled in January 2007 by InSites Consulting, a professional institute for public opinion and marketing research. Out of the total panel of *500,000 individuals, 6,875 individuals aged over 18 years were selected and invited to take part in the online survey. The invited sample was representative of the national distribution of age, sex and language (region). These socioeconomic variables are the usual variables to test whether a sample is representative of the population.
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Apart from these variables, it is more important that the sample should be representative of the distribution of the variable of interest, in this case 'health'. We therefore asked the respondents to fill in the 'general health question', a question with a five-level Likert scale, which is often asked as part of national statistical monitors. In Belgium this monitor was undertaken by the Belgian National Institute of Statistics (http://www.statbel.fgov.be).
In this way we could check whether our sample was representative of 'general health'. Members of the Dutch population were sampled by TNS NIPO, a professional Dutch institute for public opinion and marketing research. This research institute has a panel of over 200,000 individuals who are interviewed regularly via the Internet. In July 2005, a sample of 1,400 individuals aged over 18 years was drawn from this panel. The sample was made representative of the national distribution of age, sex, region, urbanisation and social class. Like in the Belgium sample, we asked the general health question to check whether the sample was representative for general health. The distribution of the outcome of the general health question was compared to the figures of the Central Bureau of Statistics (www.cbs.nl).
The QoL-AGHDA in GHD patients
Patient data from Belgium and the Netherlands were retrieved from the KIMS database. The KIMS database is part of an international pharmaco-epidemiological survey, launched in 1994 at the request of endocrinologists and health-care decision-makers to monitor the outcomes and safety of long-term GH replacement therapy (GenotropinÒ) in adults with GHD being treated in a conventional clinical setting. The study to date contains data on more than 14,000 patients from 31 countries. The other aims of KIMS are to improve understanding of the consequence of GHD in adult hypopituitarism and to contribute to optimisation of GH replacement [20] .
The Belgian patient sample consisted of 370 participants [mean (SD) age at entry into KIMS: 43 (15.1) years] and the Dutch sample comprised 286 participants [44 (15.5) years]. The majority of patients in both countries acquired pituitary insufficiency and consequent GHD during adulthood (77 and 76% in Belgium and the Netherlands, respectively). The severity of hypopituitarism, expressed as a number of pituitary hormone deficits, varied from isolated GHD to panhypopituitarism (18% of patients). The proportion of the number of deficits was similar in both countries except for isolated GHD. Isolated GHD was less common in Belgian patients (8%) than in Dutch patients (13%). The profile of co-morbidities did not differ between countries with 13-16% of patients reporting hypertension. In both groups half of the patients developed hypopituitarism due to the long-term consequences of surgery for pituitary adenoma with non-functioning pituitary adenoma being most frequent (*30%). QoL was assessed by the QoL-AGHDA at the entry into the KIMS in all patients and before GH replacement therapy was started.
Patient subsample to test validity of regression model
A subsample of 64 Dutch GHD patients filled in both the EQ-5D and the QoL-AGHDA. Because these patients filled in both questionnaires, we could test whether the predicted EQ-5D index (on the basis of the regression of the EQ-5D on the QoL-AGHDA in the general population) was indeed comparable with the 'standard' EQ-5D index (completed directly by the patients). The mean age of the Dutch patients who filled in both the EQ-5D and the QoL-AGHDA was 42.6 (SD = 14.6), and 39% of the patients were female.
Analyses
Scores elicited from disease-specific questionnaires such as the QoL-AGHDA in the general population are most likely to be skewed, because the questionnaire focuses on a specific pathology. The use of mean and standard deviation to determine 'deviations from normal' is therefore limited. For this reason we also present the 90 and 95% cutoff points of the normal population, which could serve as clinical benchmarks. The reference values of the general population samples were weighted for 'general health' to adjust for differences between the samples and general population health.
We used a multiple regression model to estimate the EQ-5D index from the individual 25 QoL-AGHDA items in the Belgian and Dutch general population data. All yes/no answers on the QoL-AGHDA were added as dummies. In addition to these 25 items, sex and age were added to the model. In this investigation we were not aiming to explain the relationship between the QoL-AGHDA and EQ-5D, but only trying to achieve the best prediction possible. For this reason the most parsimonious model was not an issue here [21] . Thus, the model included all 25 items of the QoL-AGHDA, irrespective of whether the univariate contribution was statistically significant. We did two sensitivity analyses. To illustrate what would happen if we had tried to achieve the most parsimonious model, we removed all nonsignificant contributions from the Dutch model in a 'backwards elimination analysis'. In addition, we made a simple regression of the EQ-5D index on the QoL-AGHDA total sum score.
Criterion validity between the estimated EQ-5D index from the QoL-AGHDA and the 'standard' EQ-5D index was tested by administering both questionnaires in a subsample of patients in the Netherlands. The relationship between the estimated EQ-5D index and the 'standard' EQ-5D index was described by a single-measure intraclass correlation coefficient (ICC) using a two-way fixed effect model (the two questionnaires are the fixed sample) with 'absolute agreement' (SPSS, version 15). We also tested the difference in mean values with a paired t-test.
Results
Population reference values QoL-AGHDA and QALY values
Complete QoL-AGHDA data were obtained for 1,026 of the interviewees (response rate = 15%) of the Belgian population and 1,038 (response rate = 74%) individuals of the Dutch general population. The Belgian sample consisted of 40% French speaking responders and 60% Flemish, which represents the real distribution in Belgium. The gender and age distributions were almost equal to data from the national institutes of statistics of Belgium (http://www. statbel.fgov.be) and the Netherlands (www.cbs.nl). The only exception was an underrepresentation of the middle age groups (40-60 years) in the Dutch sample, with 38% belonging to that age group although it represents 46% of the general population in the Netherlands. As the reference values are presented in age categories, this underrepresentation did not jeopardize the representation per age group. A different issue was overall health: Overall health is by definition related to health-related QoL, but there is, unlike age, no rationale to present reference values for 'subgroups of general health'. In Table 1 it can be seen that some of the Belgian age groups were healthier, while other subgroup responders were less healthy compared to the figures of the National Institute of Statistics. Overall, the Dutch sample appears a bit healthier than the general population ( Table 1) . The reference values of the general population samples were therefore weighted by the reported 'general health'.
The regression of the EQ-5D time trade-off index score on the 25 items of the QoL-AGHDA is presented in Table 2 . The R 2 in the Dutch general population sample was 0.482 and 0.360 in the Belgian sample.
In the first sensitivity analysis, the 'backwards elimination analysis', 13 of the 25 variables of the QoL-AGHDA were deleted from the model, and the R 2 dropped slightly from 0.482 to 0.477. The simple regression of the EQ-5D index on the QoL-AGHDA total sum score produced a much lower R 2 of 0.356.
The QoL-AGHDA in GHD patients Table 3 presents the patient data. Men report fewer problems than women (p \ 0.001), which is often the case in QoL data [22] . Patients in Belgium seemed to report more problems than in the Netherlands, but this difference was not statistically significant (p = 0.073). The differences between the countries in the EQ-5D index derived from the QoL-AGHDA must be interpreted with caution, as the difference can be attributed to both difference in 'true patient score' and also to other differences like the valuation function in Table 2 (see also the ''Discussion'' section). In Fig. 1 , the estimated patient EQ-5D score is compared with the EQ-5D index of asthma [23] , hypertension [23] , type II diabetes [24] , low back pain [23] , Parkinson's disease [25] and intermittent claudication [26] . The results suggest that the burden of GHD (mean value 0.7635) is between the burden of asthma (0.79) and diabetes (0.69), and well below the average of the general Dutch population in this study (0.88).
Patient subsample to test the validity of the regression model
The correlation between the estimated EQ-5D index on the basis of the QoL-AGHDA and the 'standard' EQ-5D index was 0.407 (intraclass correlation). The difference between the estimated mean EQ-5D index on the basis of the QoL-AGHDA (0.7387) and the mean of 'standard' EQ-5D index (on the basis of the 'standard' EQ-5D in patients: 0.7027) did not reach a statistically significant difference (t = 1.132, p = 0.262).
Discussion
We provided Dutch and Belgian reference values for the QoL-AGHDA and adapted the QoL-AGHDA for use in health economic evaluations. We demonstrated the criterion validity of the health economic valuation method, and we showed that the burden of GHD is considerable.
Theoretical reflection
It is tempting to try to interpret the slightly lower QoL values of the patients in Belgium compared to the Dutch. It is, however, difficult to understand these differences, because there are several possible explanations. For instance, patients in Belgium may be more inclined to express their QoL limitations. Also a subtle difference in the French and Dutch translations of the questionnaire may cause differences. Another reason might be the structural difference between the estimated scores for the two EQ-5D indices in Belgium and the Netherlands, i.e., between values derived using the visual analogue scale technique in Belgium and those in the Netherlands derived using the time trade-off technique [27] . Moreover, subtle differences QoL-AGHDA reference values and utility 247 between the Belgian and Dutch population samples might also contribute to the difference. Most of these explanations provide additional arguments concerning the routine use of national reference values emanating from other countries. The national reference values presented here are in line with that reasoning. We performed two sensitivity analyses: To illustrate what would happen if we had tried to achieve the most parsimonious model, we removed all non-significant contributions from the Dutch model in a 'backwards elimination analysis'. In this, the R 2 dropped only slightly from 0.482 to 0.477. An alternative to the regression of the individual item scores of the EQ-5D index on the individual QoL-AGHDA items is a regression of the EQ-5D index on the QoL-AGHDA sum score. Unlike the distinction between a full model and the parsimonious model, this variant makes a large difference: the R 2 of the regression of the QoL-AGHDA sum score on the EQ-5D score is only 0.356 compared to 0.482 for the individual items. Kołtowska-Häggström et al. constructed a model to estimate the EQ-5D index score using the QoL-AGHDA sum score, the square of the QoL-AGHDA sum score and several SES variables and interactions [9] . The R 2 of this ''full model'' was not much higher than our parsimonious model based on the QoL-AGHDA sum score, age and sex (0.38 versus 0.36). In a successive article, Kołtowska-Häggström et al. abandoned this approach, and the new model consisted of the variable age; sex and all 25 individual items of the QoL-AGHDA which all were entered as dummies, as in the present investigation [10] . This model had a R 2 of 0.42, in between the 0.36 of our Belgium data and the 0.48 of our Dutch data. Thus, the results of Kołtowska-Häggström are in line with the results found here, and this suggests that, at least in the relationship between the QoL-AGHDA and the EQ-5D index , a saturated model based on the most important SES variables (age and Weighting based on the responses to the 'general health question' and the statistics of the Belgian National Bureau of Statistics (data from 2005) and Dutch National Bureau of Statistics (data from 2005) a In the age category male, age 15 to 24, weighting does not change scores, as there are no responders with less than perfect health sex) and all items of the disease-specific instrument seems to be the most favourable model. A number of items have positive signs, which is remarkable as all items are conceptually negatively related to QoL: an additional problem should result in a lower QoL, and thus a lower EQ-5D index. The most likely explanation is that the positive signs are reflections of interactions between the variables. Given the high number Table 2 The regression of the EQ-5D time trade-off index score on the QoL-AGHDA
Variables
The of variables we did not include interaction in the analyses, and therefore any interaction is 'forced' into the sign of the variables. For this reason the positive signs found in this study are not relevant in that respect, and the conceptual interpretation of the sign should be made cautiously.
Implications
GHD burden in adults
We have shown that the burden of disease in adults with GHD is considerable and comparable with other patients whose burden is undisputed. This confirms suggestions made by others [1, 16, 28] , but it is the first time that such a conclusion can be underpinned with a uni-dimensional generic QoL questionnaire comparing QoL of GHD patients with other patients. Former attempts made use of multidimensional questionnaires and disease-specific questionnaires, neither of which are not suitable for making a decisive judgment [16, 28] . Using a multidimensional questionnaire, it is not clear which of the dimensions are the most important. Disease-specific questionnaires do not allow for comparisons between patient groups, as important other, i.e., non-disease-related (side) effects might be overlooked. Therefore, disease-specific questionnaires might not provide the full picture of the burden of disease. But by using both a generic instrument and a validated disease-specific instrument, we have provided new evidence of a significant burden in adults with GHD. The evidence of a high burden of diseases found in this study is obviously not a sufficient condition either to encourage treatment for GHD or to defend the reimbursement of treatment. To justify treatment, it is necessary to provide evidence that the burden of disease is reduced in a clinically significant way. To justify reimbursement of treatment, it is further necessary that the treatment is reasonably cost effective. Despite these limitations, burden of disease plays an important role in reimbursement, because burden of disease is an important factor in the interpretation of the cost effectiveness of treatment. If the burden of disease is high, society is more inclined to be generous in the interpretation of the cost effectiveness than when the burden of disease is low [11, 12] . This study suggests that the cost effectiveness of any GHD treatment should indeed be interpreted generously and not restricted as if it was a disease with a low burden.
Limitations of the study
Response rate
The response rate of the Dutch general population sample was much higher (74%) than that of the Belgian sample (15%). This was related to the way the samples were recruited: Dutch respondents received a relatively high compensation for their efforts, which contributed to a higher response rate. In this respect it should be noted that ''representativeness is more important than response rate in survey research'' [29] . It could be argued for instance that the Dutch sample was less representative of the general population as it consisted of 'professional responders', while the Belgian sample was closer to the classical objective of population research of achieving a 'naïve sample'. The line of reason is that we should define ''what the sample should be representative of''. In our case we wanted the samples to be representative of QoL, because we wanted to have norm values for the QoL-AGHDA. Therefore, factors that were associated with QoL were more important than factors that had no such association. As we know that age, gender and obviously 'self-reported health' are associated with health-related QoL [30] , we weighted the samples for these factors using the figures of the National Bureaus of Statistics. In this way the samples used here represent the population of both countries with respect to the most important determinants of health-related QoL.
Criterion validity
The ICC between the estimated EQ-5D index on the basis of the QoL-AGHDA and the 'standard' EQ-5D index was only moderate (ICC = 0.4070), but comparable with the ICC when the EQ-5D was compared with the SF-6D in patients with ankylosing spondylitis (0.45) and in patients with knee osteoarthritis (0.47) [31, 32] . The moderate ICC suggests considerable differences at the individual level, but small differences at the group level. Indeed we found no statistically significant difference between the estimated EQ-5D index on the basis of the QoL-AGHDA and the 'standard' EQ-5D index . This means that our estimations of the EQ-5D index on the basis of the QoL-AGHDA should not be used at an individual patient level, but only when sufficient patient numbers are involved. When this methodology was employed in GHD research, sufficient patient numbers were indeed used as the data came from the large international KIMS database [9, 10] .
Conclusions
In this article we have described Belgian and Dutch general population reference values for the QoL-AGHDA and provided a transformation function for the estimation of EQ-5D index scores on the basis of QoL-AGHDA data. By obtaining QoL-AGHDA reference values for the Netherlands and Belgium, the needs of patients with GHD can now be understood more clearly. As we were able to link the scores of the QoL-AGHDA to QALYs, we can now evaluate the health outcomes of interventions better in growth hormone deficiency. Based on these outcomes of the QoL-AGHDA, we can also confirm that the burden of adults with GHD is considerable.
